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Abstract: Hem-fir plywood were exposed to two brown rot fungi, Gloeophyllum trabeum and Postia placenta, and one white rot fungus, 
Trametes versicolor, to investigate the effect of fungal decay on mechanical properties of plywood. Results showed that modulus of rupture 
(MOR) and modulus of elasticity (MOE) of hem-fir plywood declined significantly by inoculating fungi, and weight loss of sample had a 
modest decrease. The fungi also made a greater effect on MOR than on MOE. Of three fungi, Postia placenta caused a most significant 
weight loss, and Gloeophyllum trabeum resulted in a largest flexural properties loss. Substantial declines in MOR and MOE of hem-fir ply¬ 
wood were also observed when the plywood samples were stored under wet conditions over 15 weeks, even in the absence of fungal attack. 
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Introduction 

Plywood has been a kind of dominant materials for sheathing 
in houses and buildings in the past several decades. Generally the 
composite durability is related to the decay progress that is nor¬ 
mally evaluated based on the weight loss or visual assessment. 
Many literatures have shown that the early stages of fungal decay 
were often characterized by dramatic decreases in some me¬ 
chanical properties, but with only modest losses in wood com¬ 
ponents ahd minimal changes in appearance (Wilcox 1978; 
Scheffer 1936; Green et al. 1991; Winandy and Morrel 1993; 
Imamura 1993; Kim and Ra 1996; Petersen and Schwandt 1991; 
Schmidt et al. 1978). Therefore, the method of normal decay 
evaluation may not truly reflect the changes of some mechanical 
properties caused by fungal attack. 

The objective of this research is to determine the effect of rot 
decay and white decay on bending properties of plywood, so as 
to develop an effective method for evaluating the decay and the 
residual service-life of wood and composite materials under ad¬ 
verse conditions. 

Material and methods 

Samples (330 mm X 76 mm) came from the commercially 
produced hem-fir plywood (5 ply, 12 mm in thickness), which 
were oven-dried (104°C) and weighed. In order to get high 
enough moisture content, samples were immersed into water in a 
pressure vessel, subjected to a vacuum with 30 min, and then 
raised to a pressure of 550 KPa with 90 min. The moisture con¬ 
tent of treated samples reached a range of 80% to 90%. 

Sets of plywood strips were sealed and laid flat in autoclave- 
able bags and autoclaved for 30 min at 120°C. Then the bags 
were heat-sealed and refrigerated to ambient. Each bag was cut a 
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20 mm slit and injected sterile air and 200 pL suspension of hy- 
phal spore on sample surface. Then, the slits were resealed with 
tape and the bags were incubated at 30°C. And similarly bagged 
specimens without fungal inoculum were established to serve as 
controls. The fungi employed in test were brown rot fungi, 
Gloeophyllum trabeum (Pers ex Fr.) Murr. (Isolate Madison 617) 
and Postia placenta (Fris) M. Larsen et Lombard (Isolate Madi¬ 
son 698),'and white rot fungus, Trametes versiclolor (L. ex Fr.) 
Pilat (Isolate Madison R105). 

Samples were exposed to fungi for 5-15 weeks after inocula¬ 
tion. Six samples exposed to each fungus were removed after 
every 5 weeks, then oven-dried and weighed to determine wood 
weight loss. The samples reached a stable weight at 20°C and 
60% of relative humidity. Modulus of rupture (MOR) and 
modulus of elasticity (MOE) of these samples were detected 
according to the procedures described in D 1037 (ASTM2002). A 
50-mm section was removed from the end of the each test 
specimen to determine the moisture content. 

Results and discussion 

Weight loss is a traditional measure to evaluate the ability of 
fungi to utilize cellulose, hemicellulose, and lignin structural 
polymer of the wood cell for nutrition. The test results showed 
that three fungi attacked inoculated samples rapidly and caused 
increasing weight loss and strength reduction over the exposure 
of 15 weeks (Table 1). Although all of the inoculated samples 
were colonized by fungi, they were more susceptible to Postia 
placenta decay, which resulted in most weight loss during the 
period of treatment. Gloeophyllum trabeum and Trametes versi¬ 
color grew slowly, and there is not significant difference in 
weight loss between the two fungi during the first 15 weeks. The 
difference of weight losses reflected the relative ability of fungus 
to degrading materials. 

The effects of fungi decay on mechanical properties are shown 
in Fig. 1 Even though at the same level of weight loss, sample 
properties also showed different change. These differences exist 
not only between brown decay fungus and white decay fungus, 
but also between brown fungi, such as between Gloeophyllum 
trabeum and Postia placenta. Therefore, weight loss is a rela- 
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tively insensitive measure and can not reflect the real damage induced by fungi decay to the mechanical properties of materials. 


Table 1. Ef fect of m oist and fun gal exposu re on the M OR and MOE of hem-fir plywood 


Exposure period 

Average MOR (MPa) 


Average MOE (GPa) 


Averag 

e mass loss (g) 


(week) 

Gloeophylium 

Postia 

Trametes 

Gloeophylium 

Postia 

Trametes 

Gloeophylium 

Postia 

Trametes 


trabeum 

placenta 

versicolor 

trabeum 

placenta 

versicolor 

trabeum 

placenta 

versicolor 

0 

44.35 

44.35 

44.35 

6.25 

6.25 

6.25 




(11.59) 

(11.59) 

(11.59) 

(1.57) 

(1.57) 

(1.57) 





46.34 

43.31 

35.56 

6.51 

6.51 

5.36 

2.20 

2.53 

2.20 

J 

(8.91) 

(8.60) 

(3.75) 

(0.92) 

(0.92) 

(0.50) 

(0.53) 

(0.69) 

(0.34) 

10 

29.55 

27.33 

27.17 

4.60 

4.43 

4.15 

3.76 

5.65 

5.21 

(6.25) 

(4.99) 

(4.53) 

(0.46) 

(0.57) 

(0.57) 

(0.84) 

(1.12) 

(0.76) 

15 

15.23 

25.10 

22.74 

2.52 

3.88 

3.36 

5.36 

6.28 

5.84 

(2.45) 

(2.31) 

< 361 ) 

(0.28) 

(0.32)) 

(°- 51 > 

(0.85) 

(2.38) 

(1.79) 


Note: Values in parentheses are standard deviations 



Fig. 1 Relationship between mass loss and MOR and MOE 
Note: GT. —G trabeum, P. P— P. placenta andJ.V. — T. versicolor 


The relative magnitudes of changes in flexural properties 
caused by G trabeum and T. versicolor were not consistent over 
15-week exposure. When weight loss was less than 2 percent, the 
flexural properties of sample treated by T. versicolor showed the 
highest loss among the treatments. When weight loss was more 
than 2 percent, the MOR of sample treated by G trabeum had the 
hightest percentage of loss. At the end of exposure, MOR of the 
samples treated by G trabeum lost 65.65%, which was corre¬ 
sponded to a weight loss of 3.64%. In the entire test period, the 
samples treated by P. placenta had the least quality deterioration 
with a MOR loss of 43.31% and weight loss of 4.11% at the end 
of test. Similar results were achieved in MOE. All three fungi 
had more significant effect on the change of MOR (5%-10%) 
than that of MOE. 

Based on the test results, it is believed that brown fungi in¬ 
duced substantial changes in material properties at relatively 
early stages of attack, which was similar with results obtained by 
Wilcox (1978). Usually, white rot fungi tended to preferably 
decay hardwoods, but in this test, T. versicolor showed more 
significant effect on MOR and MOE than P. placenta. T. versi¬ 
color. ; and also caused significant decay to hem-fir material. 

"typically, degradation of mechanical properties is often attrib¬ 
uted to fungi colonization in fungi decay test. However, it is 
worth noting that MOR and MOE in our test samples exposed 
under wet condition in the absence of the fungus declined from 
44.35 MPa to 33.34 MPa, and from 6.25 GPa to 5.06 GPa, re¬ 
spectively, over the 15 week period. Similar effects occurred in 
OSB and another kind of plywood test. Moisture content is one 
of the most important factors required by fungi growth. It has 
been found that the moisture content of 30% or more is neces¬ 
sary for fungal growth (Highley 1999). Since the control samples 
had high moisture content, test results implied that moisture 
could be another key factor in weakening material properties. 

As a rule, bonding strength should be greater than the strength 
of wood component in composite in order to utilize wood fullest. 
In our test, control samples obtained 75% moisture content. The 


progressive effects with time implied a fundamental that mois¬ 
ture can make an effect on the wood/resin interface. Declines in 
properties were thought to be the result of separation between 
wood and resins. Degradation resulted in not only from fungi 
decay but also from the adverse effect of moisture. 

Conclusion 

Both brown and white rot fungi degrade MOR and MOE of 
hem-fir plywood with modest weight loss, and MOR loss is more 
than MOE loss. Strength losses of hem-fir plywood caused by 
different fungus are different even at a same weight loss level. G 
trabeum showed the highest decomposing ability for hem-fir 
plywood among the three testing fungi. Even though white rot 
fungi usually tend to decay hardwoods, and T. versicolor macks 
hem-fir material at a slight weight loss, it had greater damage to 
the properties compared with P. placenta. 

It is difficult to differentiate the effects of the fungus on 
hem-fir plywood from that of the water. Decrease of the bending 
strength in control samples reflects the fact that moisture has a 
serious opposite effect on the properties of hem-fir plywood, and 
repeated wet-dry would accelerate this effect. While fungal 
damage is often viewed as a serious concern, our test results 
highlighted the importance of removing moisture sources not 
only for avoiding fungal attack but also for reducing effects of 
moisture induced on material properties. 

References 

Green, III F., Larsen. Winandy, E. and Highley, T.L. 1991. Role of 

oxalic acid in incipient brown-rot decay [J]. Mater. Org.. 26(3): 193—213. 
Highley, T. 1999. Biodeterioration of wood. Wood Handbook: Wood as an 
Engineering Material [M], Wisconsin: USDA Forest Service Forest Prod¬ 
ucts Laboratory, pi 6. 

Imamura, Y. 1993. Estimation of the fungal resistance of wood composites for 
structural use [J], Current Japanese Materials Res., 11: 75-84. 

Kim, G and Ra, J. 1996. Reduction in mechanical properties of radiate pine- 
wood associated with incipient brown-rot decay [J]. Mokchae Konghak. 
24(1): 81-86. 

Petersen, R.C. and Schwandt, U.H. 1991. Wood sugar analysis by anion 
chromatography [J], J. of Wood Chemistry and Technology. 11(4): 
495-501. 

Schmidt, E.L., French. D.W., Gertjejansen. R„ Herman. J. and Hall. H. 1978. 
Strength reduction in particleboard caused by fungi [J). Forest Prod. J.. 
28(2): 26-31. 

Wilcox, W.W. 1978. Review of literature on the effects of early stages of 
decay on wood strength [J], Wood and Fiber Science, 9(4): 252-257. 
Winandy, J.E. and Morrell, J.J. 1993. Relationship between incipient decay, 
strength, and chemical composition of Douglas-fir heartwood [J]. Wood 
and Fiber Science, 25(3): 278-288. 




